Background-There is evidence of a positive association between asthma and obesity in adults and in children. We investigated, in a large sample of English and Scottish primary school children, whether there is a consistent association between fatness and asthma symptoms in Britain. Methods-A cross sectional analysis was made of 18 218 children aged 4-11 years who participated in the 1993 or 1994 surveys of the National Study of Health and Growth (NSHG). Children belonged either to English or Scottish representative samples, or an English inner city sample. Asthma attacks in the previous year, occasional wheeze, or persistent wheeze were the symptoms used in the analysis. Body mass index (BMI) and the sum of triceps and subscapular skinfolds converted to standard deviation scores (SDS) were used to assess levels of fatness. Results-A total of 14 908 children (81.8%) were included in the analysis. In the multiple logistic analysis BMI and asthma (asthma attacks or wheeze) were associated in the representative sample (OR for the comparison of the 10th and 90th centiles of BMI 1.28, 95% CI 1.11 to 1.48), but sum of skinfolds was unrelated to asthma symptoms in most analyses. The association between asthma and BMI was stronger in girls than in boys in the inner city sample, but less convincingly in the representative sample. Conclusions-Levels of obesity are associated with asthma symptoms regardless of ethnicity. The association is more consistent for BMI than for sum of skinfolds, partly because obese children are more advanced in their maturation than other children. There is some evidence that, as in adults, the association is stronger in girls than in boys, but only in the multiethnic inner city sample. (Thorax 2001;56:133-137) 
In the last 20 years there has been a rise in the prevalence of asthma in children 1 and adults 2 and an increase also in the prevalence of obesity in adults and children. [3] [4] [5] A positive association between asthma and obesity has been reported in adults, [6] [7] [8] with such an association being more evident in women 9 10 and in adolescent girls than boys. 11 A similar association between asthma symptoms and obesity has been reported in children. [12] [13] [14] [15] [16] One of the reports also indicated that asthma severity was associated with overweight. 16 However, there has been also a suggestion that asthma may be more frequent in underweight subjects. 17 Previous reports of the association of asthma/asthma symptoms and obesity in childhood are mainly based on small studies, studies that were carried out long ago, or on those in which the methodology for standardising subcutaneous skinfold thickness and body mass index (BMI) was unsound. The National Study of Health and Growth (NSHG) collected information on respiratory symptoms and anthropometric measurements in 4-11 year old English and Scottish children until 1994 3 4 18 and included a large sample of primary school children from the major ethnic groups in Britain. The study provides an opportunity for assessing the consistency of the association between asthma and obesity in white, black, and South Asian children, and also for assessing whether the association is restricted only to girls. This is particularly important for discussing possible mechanisms for the relation between asthma and obesity in adults and children.
Methods
The NSHG collected data from 4-11 year old primary school children in England and Scotland from 1972 to 1994. Information was obtained from three samples. 3 The English sample comprised 22 areas and the Scottish sample 14 areas, which were each selected by stratified random sampling of employment exchange areas using data on unemployment, early school leavers, and uptake of school meals in 1970/1. The social class distribution of these two samples was similar to that of the general population and they will be referred to as the white representative sample. 19 The third sample comprised children from 20 English inner city areas. Schools were selected according to characteristics of deprivation and proportion of ethnic groups. 3 All children attending selected primary schools in each area in 1993/4 were included. A parent, usually the mother, was asked to complete a self-administered questionnaire concerning the child's asthma symptoms and sociodemographic information. The questionnaire was available in dual languages for the English inner city areas, English-Urdu, English-Gujarati, or English-Bengali. All children in the school whose parents did not refuse were weighed and measured. Height was measured on a specially designed stadiometer using the method described by Tanner et al. 20 Children were weighed wearing only underpants using electronic digital scales. Triceps and subscapular skinfold thickness were measured as recommended by Tanner and Whitehouse, but for triceps skinfold thickness the mid point between the tip of the acromion and the olecranon was marked with the arm hanging straight instead of bent. 21 Asthma as a dependent variable was defined as either at least one asthma attack in the previous year or a positive answer to the question "Does his or her chest ever sound wheezy or whistling?" The analysis was repeated using either persistent wheeze ("does he or she wheeze most days?") or at least one asthma attack in the last 12 months as the dependent variable. This approach was chosen because of cultural diVerences in the perception of asthma by ethnicity and possible diVerences in the association between obesity and asthma by severity of asthma. 16 18 Two variables were used for assessing obesity-body mass index (BMI) and the sum of the triceps and subscapular skinfold thickness (sum of skinfolds). BMI was used as an independent continuous variable in standard deviation score (SDS) units calculated from the UK 1990 reference curves. 22 The sum of skinfolds was expressed in SDS using the NSHG 1990 white representative sample for England as the reference group and used in the analysis as a continuous variable.
Categorical independent variables included in the analyses were sex, ethnic group, father's social class, family size, and study area. Ethnic group was determined by the field worker's subjective assessment in conjunction with the spoken language at home, and divided into the following groups: White, Afro-Caribbean, Urdu, Gujarati, Punjabi, "other South Asians", and "others". Father's social class was categorised as non-manual, skilled-manual, semi and unskilled-manual, one parent family (when the father was not a member of the household), and unknown. Family size was classified into groups of families with one child, two, three, four, or five or more children. Continuous variables included in the analyses were age, birth weight, and passive smoking as a result of either the mother or father smoking at home. Passive smoking was expressed as the number of cigarettes smoked at home per day and analysed as a continuous independent variable.
Children with no information on respiratory symptoms and those of unknown age and/or sex were omitted from the analyses. The relation between asthma prevalence and BMI or the sum of skinfolds was assessed using multiple logistic regression models with minimal adjustment for age and sex and with complete adjustment for the covariates described above. The dependent variable was asthma (asthma attacks or wheeze). A similar analysis was performed using asthma attacks or persistent wheeze as the dependent variable. The analyses were carried out separately for the representative sample and the inner city sample and presented as the odds ratio for outcome reference population at the 90th centile in comparison to the 10th centile. The 10th and 90th centiles of SDS (-1.28 and 1.28) were used. The interaction of sex and obesity on asthma was assessed in each analysis. A similar analysis was carried out stratified by sex. All covariates were defined a priori based on previous studies.
Results
A total of 18 218 children were eligible to enter the study in the 1993 or 1994 surveys. Of those, 3310 (18.2%) were excluded because they did not have information on respiratory illness. The demographic characteristics of the two samples are shown in table 1. Of the 9507 children in the representative sample, 5466 were from English areas and 4041 from Scottish areas. A higher percentage of children were from large families, belonged to semi or unskilled social classes, or were from one parent families in the inner city sample than in the representative sample. Children of the The overall prevalence of asthma was 17.3% and was similar for the white representative and the inner city samples (17.0% and 17.9%, respectively). The prevalence of reported asthma attacks (9.0% versus 7.4%) was significantly lower in the inner city sample (odds ratio (OR) 0.86, 95% CI 0.7 to 0.9) than in the white representative sample. Persistent wheeze was considerably more prevalent (4.1% versus 8.0%) in the inner city sample than in the representative sample (OR 2.03, 95% CI 1.8 to 2.3; table 3).
Each of the three asthma outcomes was positively associated with BMI (SDS) after adjustment for covariates in boys and girls in the representative sample (table 4). The interaction of sex and BMI on asthma was not statistically significant in any of the analyses of the representative sample. Except for one unadjusted analysis, none of the three asthma outcomes was significantly associated with sum of skinfolds in the representative sample.
The interaction between sex and BMI on any asthma outcome was statistically significant or of borderline significance and the interaction between sex and sum of skinfolds on persistent wheeze was just significant in the inner city area sample. BMI and sum of skinfolds were strongly and significantly associated with each of the asthma outcomes in girls but not in boys (table 5) . There was no evidence of nonlinearity of the association between the asthma outcomes and BMI or sum of skinfolds divided in quintiles. In the inner city sample we examined the association between asthma and obesity individually in the main ethnic minorities and in a heterogeneous group of children who could not be classified as white, AfroCaribbean or from the Indian subcontinent and found a stronger association in AfroCaribbean and Punjabi girls than in the other ethnic groups.
Discussion
In this study BMI was associated with asthma in both sexes in the representative sample but was only significantly associated in girls in the inner city sample. Generally, skinfold thickness odds ratios were lower than BMI in the representative sample but were similar in girls in the inner city sample.
As in all observational studies, information bias may have been a problem in our study. Information bias may partially explain the results but not the clear message that fatness, or a proxy measure of fatness, is associated with asthma in children. Parents' perceptions of asthma in their child may vary according to ethnicity and social background. Persistent wheeze may be unrecognised as asthma in a large percentage of children from the ethnic minorities and inner city areas. 23 In the NSHG we have not found an association between social class and obesity, but there are diVerences in fatness by ethnicity. 24 Children from the Indian subcontinent tend to have lower weight-for-height and sum of skinfolds than children from other ethnic groups. Obesity and asthma may have been partly associated because of a varying perception of asthma and asthma symptoms between ethnic groups. We adjusted for ethnicity and study area in the analysis of the inner city sample. As the results are diVerent for boys and girls in the inner city sample, information bias as an explanation of our results would also require that the perception of asthma between ethnic minorities varies according to the child's sex. Evidence for such a convoluted explanation is diYcult to find.
Table 4 Association between asthma (wheeze or asthma attacks), asthma attacks and persistent wheeze and fatness (BMI and sum of skinfolds) in the representative sample, odds ratios for the comparison of the 90th and the 10th centiles of SDS
Our study has several advantages in comparison with other studies. We used two indicators of fatness to assess the association between obesity and asthma, the sample size was large and the participation rate in the study was high, the anthropometric measurements were available for most eligible children and were taken by well trained personnel, and the assessments were carried out for all the major ethnic groups living in Britain. As our study is cross sectional, we cannot exclude reverse causality as an explanation. It has been reported that weight gain is associated with asthma and that finding suggests that obesity is a plausible aetiological component of asthma. 8 However, it is also possible that asthma may be a risk factor for obesity as many parents believe that a child with asthma should not exercise. Thus, asthma may induce a sedentary lifestyle in asthmatic subjects which could result in an increase in fatness. Sedentary life may contribute to airway narrowing and asthma by reducing the extent to which bronchial muscle is stretched. 25 On the whole our results confirm the reports of an association between asthma and fatness in children. There were two unexpected results in our analysis: (1) BMI was more consistently associated with asthma than the sum of skinfolds and (2) the association of fatness and asthma restricted to girls was found only in the inner city sample.
BMI is a poorer indicator of fatness than sum of skinfolds in childhood as the percentage body fat of total weight in 4-10 year old children is on average only 15-17% in girls and 12-14% in boys. 26 Further evidence that skinfold thickness is a better measure than BMI to assess fatness in the population has come from the demonstration that an increase in skinfold thickness over time preceded the increase in BMI in the USA and the UK. Thus, it would have been expected that the sum of skinfolds, a more direct measure of fatness than BMI, would have been more strongly associated with asthma than BMI. A possible explanation could be that the association of asthma and BMI was restricted to those with the highest BMI, say the upper quintile, but there was no significant non-linearity between BMI and asthma except in one of 12 analyses.
The usual assertion that skinfold thickness is notoriously diYcult to measure accurately has not been confirmed by our experience. In the NSHG the variation of skinfold thickness measurement between field workers was small in comparison with between-child variation and the intraclass correlation for triceps skinfold was greater than 0.95 in our annual trials from1992 to 1994. 27 In comparison, skinfold measurements are less repeatable than measurements of weight and height. Another explanation could be that BMI may be more strongly associated with asthma than skinfold thickness because internal fatness may be more important than subcutaneous fat. However, this is an unlikely explanation because fatness is predominantly subcutaneous in children and adolescents, 28 29 and the waist to hip ratio and skinfold thickness in children, unlike in adults, are insensitive for assessing visceral fat. 30 31 A plausible explanation is that obese children are above average size and have advanced bone age. 32 Thus, children with increased fatness also have more muscle and bones and this would explain, together with measurement repeatability, why BMI is more strongly related to asthma than to sum of skinfolds in most analyses.
The interaction of sex and obesity in asthma observed in the inner city sample but not in the representative sample is consistent with previous reports in adults and adolescents. 8 9 11 It is the first report for such an interaction in prepubertal children. Fat as a percentage of total weight and skinfold thickness are both higher in girls than in boys before the age of five years. 26 33 This sex dimorphism does not appear to be related to ethnicity. 34 Smaller airway size, sedentary life, dietary diVerences, and hormonal levels have been suggested as possible explanations for the association between obesity and asthma. 9 We are not aware of studies showing sedentary or dietary diVerences in fat children between sexes but it is possible that girls may be less stimulated to perform vigorous exercise than boys. With regard to airway size, forced expiratory volume in one second (FEV 1 ) is slightly higher in boys than in girls aged 7-10 years and FEV 1 , but not forced expiratory flows (FEF or FEF 75-85 ), is lower in ethnic minorities than in whites. 35 There is some evidence that obesity is associated with lower lung function. 36 However, just before puberty FEV 1 is slightly higher in girls than in boys and the lung function of ethnic minorities relative to whites is similarly less in both sexes. 35 In relation to the hormonal explanation, oestrogen and progesterone have been implicated in asthma in adults and oestrogen levels tend to be higher in obese adults. However, the evidence is far from compelling. 37 DiVerences in maturation patterns between ethnic groups may explain why sex dimorphism of the association between asthma and obesity is restricted to the inner city sample. Information on pubertal maturation in ethnic groups living in Britain is unavailable. As there are very low levels of gonadal steroids just before puberty, these are unlikely to explain the interaction of obesity and sex on asthma in one of the two samples in our study. 38 Several associations of leptin make it an interesting link worth exploring. Leptin is highly related to obesity, negatively associated with testosterone, and positively associated with oestrogen. 39 40 The serum leptin concentration is higher in girls than in boys during and after puberty, but there is a lack of consistency in relation to diVerences in leptin levels between the sexes before puberty. 39 40 Leptin is reported to increase Th1 and suppress Th2 cytokine production in mice. 41 Thus, explanations for prepubertal sex dimorphism in the association of obesity and asthma is still unsatisfactory and reports confirming, or otherwise, this interaction in other communities are needed.
In conclusion, there is clear evidence that fatness is associated with asthma in children. BMI may be a better measure than skinfold thickness for assessing the association between asthma and obesity in children as obese children have proportionally more muscles and bones and calliper measurements are somewhat less repeatable than height and weight measurements. There were indications of sex diVerences between obesity and asthma mimicking the results obtained in adults, but a satisfactory explanation for such prepubertal sex dimorphism is unavailable.
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